INTRODUCTION
Lipopolysaccharide (LPS) and bacterial lipopeptides are potent macrophage activators [1, 2] . In contrast with the biological effects initiated by the activators, little is known about the intracellular mechanisms by which they mediate these events. Covalent protein modification represents one mechanism underlying stimuli-induced alterations of intracellular functions. This mode of modification applies to phosphorylation-dephosphorylation which is a well-studied mechanism involved in signal transduction in macrophages [3, 4] . Like phosphorylation, ADPribosylation constitutes another covalent modification by which cells regulate' protein'functions [5, 6] . This. post-translational protein modification is catalysed by enzymes that transfer ADPribose from NAD to proteins. It has been reported that this regulation affects processes in the plasma membrane, in ribosomes, mitochondria, the cell nucleus and in the cytoplasm [7] . Lately, the possible involvement of ADP-ribosylation reactions in stimuli-mediated signal transduction cascades has gained increasing interest. Brune et al. [8] were able to demonstrate agonist-induced ADP-ribosylation of a specific cytosolic 42 kDa protein in platelets, and Halldorsson et al. [9] showed, by the use of inhibitors, that ADP-ribosylation is involved in histamineinduced endothelial production ofprostacyclin. To study whether this mode of regulation applies to activation of macrophages, we measured the effect of LPS on the ADP-ribosylation of cytosolic proteins in bone-marrow-derived macrophages. We present evidence that stimulation with LPS leads to a change of the ADPribosylation of a cytosolic protein. Bone-marrow-derived macrophage culture Macrophages derived from bone marrow of BALB/c mice (aged [8] [9] [10] [11] [12] weeks) were obtained as described [12] . Briefly, cells (1 x 105/ml) from the femur of BALB/c mice were suspended in Dulbecco's modified Eagle's medium supplemented with 10% (v/v) heat-inactivated fetal-calf serum (FCS), 30 % (v/v) L 929 conditioned medium, 5 % (v/v) horse serum, 1 mM sodium pyruvate, 2 mM glutamine, 60 ,uM 2-mercaptoethanol, penicillin (100 units/ml) and streptomycin(lOO g/ml). Cells were cultured for 7 [14] . After centrifugation for 2 min at 10000 g the pellets were solubilized in SDS/PAGE sample buffer and boiled for 3 min.
Proteins were separated by SDS/PAGE (100% polyacrylamide gel) [15] . The gels were stained with Coomassie Blue (Serva Blue R, Serva Heidelberg, Germany), dried and autoradiography was performed using a DuPont Cronex film 4 (Dreieich, Germany).
RESULTS
In previous studies [16] we have shown that stimulating bonemarrow-derived macrophages for 24 h with LPS results in a slight decrease in overall ADP-ribosyltransferase activity. To determine whether LPS influences the ADP-ribosylation state of distinct proteins we incubated the macrophages with different concentrations of LPS and separated the cytosolic proteins by SDS/PAGE. As can be seen in Figure 1 , there are a number of endogenously ADP-ribosylated cytosolic proteins in unstimulated macrophages (lane 1). Incubating the cells for 24 h in the presence of 0.1 ,ug/ml LPS leads to the disappearance of ADPribosylation of a protein with an apparent molecular mass of 33 kDa. The labelling gradually declined in response to increasing LPS concentrations. At concentrations of as little as 1 ng/ml LPS the band was hardly visible. In the presence of polymyxin B LPS did not induce changes in ADP-ribosylation (Figure 2 ). Polymyxin B is an antibiotic which binds to the lipid A moiety of LPS and thus prevents its activity [17] .
Not only LPS but also the synthetic bacterial lipopeptide Pam3Cys-Ala-Gly, a potent macrophage activator [2] , induced disappearance of the 33 kDa radioactive band (Figure 1 ). In contrast, the non-endotoxic LPS isolated from Rhodopseudomonas pallustris did not influence the ADP-ribosylation state of the protein (Figure 1) . Neither did the inactive lipopeptide analogue Pam3CysOH show any effect (Figure 3) .
To determine whether the ADP-ribosylation state of the protein correlated with activation processes in macrophages, NO2-formation was measured as a parameter of macrophage activation. Macrophages have been shown to produce N02-from L-arginine in response to immunostimulants [18, 19] We next tested the effect of LPS on ADP-ribosylation of cytosolic proteins from macrophages of the mouse strain C3H/HeJ, which is a functional LPS non-responder strain. As seen in Figure 4 , in the C3H/HeJ strain the label did not disappear upon stimulation with LPS. Furthermore, LPS failed to induce NO2-formation in macrophages from C3H/HeJ mice. The concentrations were 1.01 + 0.08 nmol of N02-/well per 24 h for unstimulated cells and 1.15 + 0.02 for stimulated cells (n = 3).
Taken together, these results indicate that the change in ADPribosylation of this protein is not an early event associated with rapid signal transduction but rather a late event possibly participating in the LPS-induced process of macrophage activation.
DISCUSSION
The present results show that LPS initiates the decline of ADPribosylation of a 33 kDa cytosolic protein in bone-marrowderived macrophages. The effect is shared by another potent macrophage activator, the synthetic lipopeptide Pam3Cys-AlaGly, indicating that it may represent a general mechanism underlying macrophage activation.
The decline may be due to activation or induction of an enzyme that hydrolyses protein-bound ADP-ribose [20] , to suppressed activity ofan enzyme catalysing the ADP-ribosylation of the 33 kDa protein, or to down-regulation of the 33 kDa substrate protein in response to LPS. Alternatively it is possible that LPS elicits augmented ADP-ribosylation of this protein in intact cells so that it will not serve as a substrate in vitro. This is not uncommon for potential kinase substrates and if it holds true for ADP-ribosyltransferase protein substrates, LPS could have an enhancing effect on ADP-ribosylation. Judged by the Coomassie Blue staining ( Figure 5 ), we did not observe any differences between cytosolic proteins of stimulated and unstimulated macrophages, indicating that LPS did not induce disappearance [21, 22] . NO induces the transfer of ADP-ribose from NAD+ to a cysteine residue of GAPDH, thereby inhibiting enzyme activity [23] . As macrophages produce large amounts of NO upon immunostimulation it is conceivable that increased endogenous ADP-ribosylation of GAPDH might also occur in macrophages. However, under the experimental conditions used in this study, changes in the ADP-ribosylation state of a 37 kDa protein were not observed.
The nature of the protein whose ADP-ribosylation declines in response to LPS is not known at present. The decline of ADPribosylation was correlated with the increase in NO2-formation. No effect on either ADP-ribosylation or NO2-formation was observed when the inactive lipopeptide Pam3CysOH [24] or a non-endotoxic LPS from Rh. pallustris were used, indicating the specificity of the corresponding active compound. Furthermore, in C3H/HeJ-derived macrophages a 33 kDa protein was also found to be labelled. The C3H/HeJ strain of mice is well known to be unresponsive to LPS [25] . This unresponsiveness was attributed to a mutation of a single gene locus on chromosome 4 [26] . Neither a loss of the labelling of this 33 kDa protein nor an increase in NO2-formation was seen in these macrophages in response to LPS. In chicken polymorphonuclear leucocytes, which correspond to human neutrophils [27] , a 33 kDa protein has been identified as an endogenous target protein for an arginine-specific ADP-ribosyltransferase [28] . The authors suggest that the protein is the product of the mim-1 gene (mybinduced myeloid protein-1) [29] , which was found to be a cellular gene activated by the nuclear oncogene product, v-Myb [30] .
In summary, the present data, which are based on ADPribosylation studies performed extracellularly with cytosolic proteins, show that activation of macrophages is accompanied by changes in ADP-ribosylation. We have identified a 33 kDa protein which is ADP-ribosylated and which loses the label in response to LPS or Pam3Cys-Ala-Gly. It would be interesting to know whether the change in ADP-ribosylation constituting a late intracellular event occurring in immunostimulant-induced macrophage activation also occurs in the intact cells. Characterizing the 33 kDa protein should provide us with more information concerning the role of ADP-ribosylation in stimuli-mediated intracellular events.
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